Phorbol Ester-Stimulated VWF Secretion from Human Umbilical Vein Endothelial Cells  by Bierings, Ruben et al.
526a Tuesday, February 18, 2014pulling force, as well as increases in the scanner z position sensor. Change in
sensor position is consistent with changes in vesicle height as observed in
the TIRF, based on the calibrated excitation decay constant (c-d). Rapid
transients with small amplitude reveal partial tether extensions by 10-20nm,
while large transients with slow decay reveal more gradual extensions,
exceeding 1mm, that appear to be com-
posed of multiple steps. These observa-
tions suggest that the dynamics of
vesicle tether extensions are much more
complex than previously thought. A large
data set of recordings like that in the
figure is being analyzed. Supported by
NIH grant R21NS072577.2663-Pos Board B355
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The goal of this project is to introduce a novel bottom-up approach to probe the
functionality of the dense core nanoparticles by creating artificial dense core
nanoparticles from the native proteins.
Communication of neurons is happening through the exocytosis process, which
is based on vesicular release of neurotransmitters like dopamine. A portion of
these vesicles are large dense core vesicles and have the critical function of
storing and excreting neurotransmitters or neuropeptides. The so-called dense
core is composed of charged polypeptides from the chromogranin family of
proteins. This protein matrix accumulates and stores neurotransmitters in
high concentrations but the mechanisms of accumulation and release are un-
known and highly debated.
So far in this work we have developed a model system for the first time
as artificial dense core nanoparticles. The synthesized dense core protein
nanoparticles are made of chromogranin A, which is the main protein,
located in large dense core vesicles. This protein is proposed to involve in
the storage of neurotransmitters, Ca2þ, and ATP within secretory vesicle.
To explore the interactions between dense core proteins and neurotransmitters
like dopamine, we are using isothermal titration calorimetry (ITC). By this
study we could determine the binding affinity and stoichiometry of neuro-
transmitter storage under various physiological conditions, such as the pH
gradient between the interior and exterior of the secretory vesicle, and the
presence of other small physiological relevant molecules such as calcium
and ATP.
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Astrocytes, the most abundant type of glial cells, play a number of important
functions in information processing in the brain. They ensheath synapses and
modulate synaptic transmission by many mechanisms which include the
exocytotic release of gliotransmitters into the extracellular space. However,
the anatomy and nature of exocytotic vesicle interaction with the plasma mem-
brane is unclear. Using stimulated emission depletion (STED) and structured
illumination (SIM) super-resolution microscopies, we studied the morphology
of distinct gliotransmitter vesicles, whereas the interaction between a single
vesicle with the plasma membrane was monitored by the high-resolution
cell-attached patch-clamp measurements of membrane capacitance (Cm), a
parameter linearly related to the surface area of the plasma membrane. Immu-
nolabelling of vesicles containing D-serine, glutamate, atrial natriuretic pep-
tide (ANP) and brain derived neurotrophic factor (BDNF) yielded their
diameter to be < 100 nm, whereas ATP was found in larger vesicles (~200
nm diameter). Direct electrophysiologic measurements have shown that the
predominant mode of vesicle interaction with the plasma membrane consisted
of reversible capacitance steps, reflecting transient exocytosis, whereas irre-
versible capacitance steps, reflecting full-fusion exocytosis, were less abun-
dant. The amplitude of discrete step increases in Cm reflects the size of
interacting vesicles. By assuming the specific capacitance of 10 fF/mm2 and
spherical morphology, the diameters of vesicles fusing with the plasma mem-
brane ranged from 40 - 800 nm, consistent with the STED and SIM measure-
ments. Reduction of extracellular Ca2þ attenuated the occurrence of unitary
exocytotic events and treatment of astrocytes with Botulinum neurotoxins,which specifically inhibit the SNARE complex formation, attenuated the
frequency of transient and full fusion events. These results show that in astro-
cytes the occurrence of unitary exocytotic events of small and large vesicles is
Ca2þ- and SNARE- dependent.
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Von Willebrand factor (VWF) and the VWF-propeptide (proregion) are stored
for secretion within specialized endothelial cell secretory organelles called
Weibel-Palade bodies (WPBs). Because phorbol esters are potent VWF secre-
tagogues and cause extensive WPB degranulation, it is generally assumed that
PMA-evoked VWF secretion arises solely from WPB exocytosis (the VWF
storage compartment). Here we present evidence that a significant fraction
of the early phase of phorbol myristate acetate (PMA)-evoked VWF secretion
from human endothelial cells arises from a cycloheximide (CHX)-sensitive
(ie, nascent, non-storage) compartment. Stimulation for 15 minutes with
either PMA (160nM) or histamine (100mM) caused similar amounts of
VWF secretion. However, prior inhibition of protein synthesis (10mM CHX
for 24 hours) reduced PMA-evoked secretion by ~70% while histamine-
evoked secretion was unaffected. Optical analysis of live cells expressing a
fluorescent protein targeted to WPBs showed that the first 15 minutes of
PMA stimulation was associated with fusion of 8.4 52.1% (mean5sem,
n=11 cells) of fluorescent WPBs, compared to 41.454.0 % (mean5sem,
n=12) for histamine. For both stimuli, the percentage of fluorescent WPB
fusion events was unaffected by CHX treatment. Our data suggest that in
addition to driving WPB exocytosis, PMA also causes acute release of non-
stored VWF and proregion, most likely from the trans-Golgi network. The
route and mechanisms regulating PMA-evoked release of non-stored VWF
are under investigation.
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The secretion of insulin from pancreatic islet beta cells is pulsatile (~5 min
period) and reflects upstream oscillations in metabolism and Ca2þ. Of the
oscillating pathways in the beta cell, glycolytic oscillations are the least
well studied. We recently developed a FRET biosensor for pyruvate kinase
M2 activity (PKAR, Pyruvate Kinase Activity Reporter), which is activated
by fructose 1,6-bisphosphate. We used PKAR FRET to measure oscillations
in glycolysis stimulated by 10 mM glucose. After abolishing Ca2þ oscillations
with diazoxide (Dz), the oscillations in PKAR were terminated. However, in
some cases the oscillations could be restored by raising extracellular KCl,
which elevated the intracellular Ca2þ levels but did not restore Ca2þ oscilla-
tions. These results indicate that glycolytic oscillations can persist in the
absence of Ca2þ oscillations, and suggest the presence of a Ca2þ threshold
that is permissive of glycolytic oscillations. To address this question, we var-
ied the extracellular Ca2þ from 1.25 to 5 mM, which increased the amplitude
of intracellular Ca2þ oscillations in a dose-dependent manner. Parallel mea-
surements using PKAR indicated that the amplitude of glycolytic oscillations
in pyruvate kinase M2 activity are augmented by intracellular Ca2þ, however
PKAR oscillations were terminated if extracellular Ca2þ dropped too low.
Taken together, these results indicate that glycolytic oscillations in beta cells
are dependent upon on a threshold level of intracellular Ca2þ level, and re-
present a distinct oscillating compartment of the cell. Supported by
R01DK46409 (L.S.).
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Cardiac contraction relies upon the proper expression, trafficking, and reten-
tion of integral membrane proteins such as ion channels, transporters, and
hormone receptors. These proteins govern cardiac contraction and short and
long term adaptations to physiological and pathophysiological stimuli. The
profile of expressed proteins is dynamic, and it is regulated to assure the proper
